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Abstract: In this study, we researched the main aquatic vegetation (AV) species and their orthophosphate and turbidity removal
efficiencies in the Lower Kelkit Basin of Turkey. We chose an experimental area (1650 m2) in the field and determined orthophosphate
(mg/L) and turbidity (NTU) variables at the charging and discharging points between November 2005 and March 2006. We also applied
an experimental design including 9 treatments and 3 replications in aquarium conditions. Orthophosphate (mg/L) contents of each
aquarium were measured at 6 time periods (initial measurement and days 1, 4, 9, 16, and 25). Ceratophyllum demersum L., Cladophora
glomerata (L.) Kützing, Lemna minor L., Myriophyllum spicatum L., Nasturtium officinale R.Br., Potamogeton pectinatus L., Typha
angustifolia L., and Typha domingensis Pers. were determined as the main AV species in the study area. Paired samples t-test results
showed that AV species significantly reduced both orthophosphate and turbidity in the field conditions. Mean daily orthophosphate and
turbidity removal capacities of the wetland were determined as 0.13 mg/L and 2.82 NTU, respectively. Analysis of variance and Duncan’s
honestly significant difference results indicated that orthophosphate uptake efficiencies of the plant species vary from 0.34 mg/L to 0.04
mg/L, and Lemna minor L. and Ceratophyllum demersum L. are the most efficient species in aquarium conditions.
Key words: Aquatic vegetation, wetlands, treatment efficiency, orthophosphate removal, turbidity removal

1. Introduction
Considering all other ecosystems, wetlands are
incomparable because of their unique functions and values
(Koyuncu et al., 2008). Wetland ecosystems provide a wide
range of valuable ecosystem services including safe water
supply, fish and fibre, wildlife habitat, flood regulation,
and recreation. Fifteen per cent of the value of the world’s
ecosystem services and natural capital is generated by
wetlands, which contribute to human welfare (Costanza et
al., 1997). Wetland functions have proven to be useful to
humans, and it has been suggested that a range of 3%–7%
of temperate-zone watersheds should be in wetlands to
provide adequate flood control and water quality values
for the landscape (Mitsch & Gosselink, 2000). Wetlands
can treat a variety of wastewaters by microbial, biological,
physical, and chemical processes (Hamilton et al., 1997;
Reed, 2000; García et al., 2004; Voeks & Rahmatian,
2004). Thus, wetland-based wastewater treatment systems
* Correspondence: hmdogan@hotmail.com
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have been used around the world (Postel, 1993; Reed et
al., 1995; Reddy & D’Angelo, 1997). However, wetlands
are continuously degraded in many parts of the world
because of the lack of appropriate valuation of their
multifunctionality (Tolba & El-Kholy, 1992; Gren et al.,
1994; Çelik & Ongun, 2007).
Today, wetlands are facing many significant threats.
Structures such as hydroelectric power plants and
agricultural and irrigation systems built on rivers can
lead to serious ecological variations (Özer et al., 2012).
Household waste and sewage water cause other serious
problems. Most importantly, quality of water affects many
biological activities in freshwater ecosystems. Diatoms,
for instance, respond directly and sensitively to many
physical, chemical, and biological changes in aquatic
ecosystems (Koçer & Şen, 2012). Therefore, treatment of
polluted water is one of the most important current issues.
Wetlands dominated by aquatic vegetation (AV) might
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be a powerful means for the reduction of contaminants,
especially phosphorus, from agricultural runoff. Although
some general trends are beginning to emerge, the
prediction of a wetland’s value based on previous studies
remains highly uncertain and the need for site-specific
valuation efforts remains large (Woodward & Wui, 2001).
Accordingly, sufficient information about the main AV
species and their removal efficiencies is necessary for the
assessment of wetland ecosystems.
The Lower Kelkit Basin of Turkey is located in
a geographic position where agricultural activities
and plant biodiversity are significant. Eight great soil
groups in the basin can be summarised as brown forest
(49.54%), noncalcareous brown forest (17.08%), brown
(13.60%), chestnut (8.7%), alluvial (4.85%), colluvial
(4.34%), grey brown podzolic (1.63%), and hydromorphic
(0.26%) (KHGM, 2002). The main great soil group was
determined as alluvial where AV species dominated.
Basically, agricultural lands (36%) and forest areas (38%)
constitute the major land use, while remaining areas can
be described as developed areas, wetlands, and open water
in the basin (Kurunç et al., 2006). Agricultural runoff
and household wastes are the main pollution sources in
the area. Although the basin contains important wetland
areas, neither their AV species nor the removal efficiencies
of these species have been researched until now. In this
study, the main AV species of the basin were determined
and their orthophosphate (mg/L) and turbidity (NTU)
removal efficiencies were investigated in both field and
aquarium conditions.
2. Material and methods
The study area is located in the Lower Kelkit Basin, situated
in the transition zone between the Middle Black Sea and
Inner Anatolia regions of Turkey (Figure 1). The climate
of the study area has semiarid Upper Mediterranean
bioclimate characteristics with cold winters, and 4 seasons
(autumn, winter, spring, and summer) prevail in the area
(Akman & Daget, 1971; Akman, 1999).
Dominant AV species were determined by field
surveys along an area of the Kelkit River (20 km) in Niksar
Plain (Figure 1). Examples of AV species were identified
according to Davis (1965–1985), Davis et al. (1988), and
Güner and Aysel (1989). Detailed field studies were also
conducted in a selected wetland area of Niksar Plain that
characterised the Lower Kelkit Basin and encompassed an
area of 1650 m2 (15 m × 110 m) with an altitude of 320 m
(Figure 1).
In the selected sampling wetland area (Figure 1), input
and output water flow rates were measured as 25 L/s and
orthophosphate (mg/L) and turbidity (NTU) variables at
these charging and discharging points were determined
according to standard methods (APHA, 1995) on days 1, 9,

16, and 25 of November 2005, December 2005, and March
2006. These observation dates contain both active aquatic
vegetation and polluted periods of the study area. Test of
normality (Kolmogorov–Smirnov) was employed to check
this dataset before the statistical analyses. A paired samples
t-test was then applied to test the null hypothesis that there
was no difference between the input and output values of
orthophosphate (mg/L) and turbidity (NTU).
Eight determined AV species from the sampling area
were also adapted to separate aquariums. Consequently,
we established an experimental design that contained
9 treatments and 3 replications. One aquarium in each
replication was left free of plants, containing only testing
water. Orthophosphate (mg/L) contents of the total 27 (9
× 3) aquariums were measured at 6 time periods (initial
measurement and days 1, 4, 9, 16, and 25) in a month. To
check homogeneity of variances and normality, analysis of
variance (ANOVA) was applied to test the null hypothesis
that there was no difference among the aquarium
treatments in orthophosphate (mg/L) content. According
to the ANOVA results, the null hypothesis was rejected,
and Duncan’s honestly significant difference (HSD)
statistic was applied to determine the orthophosphate
removal efficiency levels of 9 treatments (especially AV
species). Curve estimation of each treatment was also
achieved. For all statistical analyses, we employed SPSS 16
statistical software (SPSS Inc., Chicago, IL, USA).
3. Results
A total of 8 AV species were determined, namely
Ceratophyllum demersum L., Cladophora glomerata (L.)
Kützing, Lemna minor L., Myriophyllum spicatum L.,
Nasturtium officinale R.Br., Potamogeton pectinatus L.,
Typha angustifolia L., and Typha domingensis Pers. Among
these species, Typha domingensis Pers. was observed as the
dominant species in the study area. Orthophosphate and
turbidity changes at the charging and discharging points
of the sampling area during the 3 months of the study are
shown in Figure 2. Compared to the charging point values,
both phosphate and turbidity values were always found to
be lower at the discharging point. Input and output curves
of orthophosphate (mg/L) remained parallel while rising
from November to March. This visually demonstrated that
AV species have reducing effects on the orthophosphate
and turbidity during this period. Maximum purging of
turbidity by the plant species was detected in November,
minimum in December, and moderate in March (Figure 2).
The relationships between the input and output values
of phosphate and turbidity variables were also modelled
separately by the curve-fit analysis (Figure 2). Large R2
values (close to 1) of orthophosphate (0.9855) and turbidity
(0.9898) indicated strong relationships and well-fit models.
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Figure 1. A - Location of the study area in Turkey; B - surveyed area; C - sampled wetland area.

Developed models were suggested for the areas that had
similar AV species composition. If orthophosphate and
turbidity values of the input are known, the output values
of these variables can be calculated by running the models.
Utilising the developed models, the economic value of this
ecosystem service can also be calculated annually. This
is important for the evaluation of ecosystem services in
economic terms.
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Normality (Kolmogorov–Smirnov) test results of the
input and output data indicated that the distributions
of orthophosphate and turbidity variables had normal
distribution characteristics (P > 0.05) and the paired
samples t-test was applicable. Consequently, paired samples
t-test results (Table 1) showed that the differences between
the input and the output values of phosphorus and turbidity
variables are
 statistically significant (P < 0.05).
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Figure 2. A - Orthophosphate change at the charging and discharging points of the sampling area; B - curve fit analysis results of
orthophosphate change; C - turbidity change at the charging and discharging points of the sampling area; D - curve fit analysis results
of turbidity change.
Table 1. Paired-samples t-test results.
Paired Differences
Pairs

Mean

Std. dev.

Std. error
mean

95% Confidence
interval of the difference
Lower

Upper

t

df

Sig.
(2-tailed)

Orthophosphate in–out

0.130

0.017

0.004

0.12

0.14

30.37

14

0.000

Turbidity in–out

2.821

0.797

0.206

2.38

3.26

13.71

14

0.000

Normality test (Kolmogorov–Smirnov) results of the
aquarium experiment data showed that the distributions
of variables had normal characteristics (P > 0.05) and
parametric tests were applicable. Moreover, the significance
values for homogeneity of variances were found to be less
than 0.05, indicating that the variances of the groups were
significantly different. These results meet the assumptions
of ANOVA.
The results of the performed ANOVA are summarised
in Table 2. The significance value comparing the groups

(treatments) was found to be less than 0.05, and so the
null hypothesis assuming that there was no difference
among the treatments (the 8 plants and the test water) was
rejected. Duncan’s HSD results indicated that the 8 AV
species in the aquariums had different removal efficiency
levels; Lemna minor L. and Ceratophyllum demersum
L. were found to be the most efficient plant species in
significantly reducing the orthophosphate content of water
(Table 3). Curve estimations and models of all AV species
are also shown in Figure 3.
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Table 2. One-way ANOVA results.
Sum of squares

df

Mean square

F

Sig.

Between groups

10.851

8

0.231

12.130

0.000

Within groups

20.918

153

0.019

Total

40.769

161

Dependent variable: orthophosphate.
Table 3. Duncan HSD results for orthophosphate.
Subset for alpha = 0.05

Mean
(mg/L)

N

L. minor

0.15

18

0.14466

A

C. demersum

0.17

18

0.16997

A

C. glomerata

0.29

18

0.29354

B

P. pectinatus

0.32

18

0.31880

B

T. domingensis

0.32

18

0.32249

B

N. officinale

0.35

18

0.34550

B

M. spicatum

0.37

18

0.36459

T. angustifolia

0.45

18

Testing water

0.49

18

Treatments

Sig.

1

3

0.583

0.175

4

0.36459
0.44691

4. Discussion
We determined that the input and output curves of
orthophosphate (mg/L) remained parallel while rising
from November to March (Figure 2). This regular uptake
of orthophosphate can be explained by the rhizomes
of dominant species (Typha angustifolia L. and Typha
domingensis Pers.) and contributions of the sediment
bacteria. As with Myriophyllum spicatum L., the net
phosphorus transfer from sediments to shoots of Typha
angustifolia L. and Typha domingensis Pers. is known to
be high (Mason & Bryant, 1975; Grace & Wetzel, 1981;
Smith & Adams, 1986). Maximum removal of turbidity by
the plant species was detected in November, the minimum
was in December, and removal of turbidity was moderate
in March (Figure 2). Decreased photosynthetic activities
caused the turbidity removal reduction. However, the
power of filtering started to increase with the start of the
vegetation period in March.
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2

0.076

Groups

BC
0.44691

CD

0.49370

D

0.311

Aquarium trial results showed that Lemna minor L.
and Ceratophyllum demersum L. were the most efficient
plant species in significantly reducing the orthophosphate
content of water (Table 3; Figure 3). Some literature
supported these findings. For instance, the great nutrient
uptake potential of Lemna minor L. was described by Harvey
and Fox (1973), and the phosphorus removal capacity of
this species was reported as 54% before harvesting (Obek
& Hasar, 2002). Cheng et al. (2002) found that the highest
daily phosphorus removal rate of Lemna minor L. systems
was 0.59 g/m2 in the field. Similarly, Ceratophyllum
demersum L. has an important nutrient uptake potential.
Mjelde and Faafeng (1997) reported that nearly all of
the macrophyte-dominated lakes with P concentrations
above 30 mg/m3 had dense stands of Ceratophyllum
demersum L. This indicated that Ceratophyllum demersum
L. may also play an important role in stabilising and
maintaining a clearwater state at high P concentrations
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Figure 3. Curve estimations and models of AV species (observed and predicted values were presented with solid and dashed lines,
respectively).

(Mjelde & Faafeng, 1997). However, initial net P uptake
by Ceratophyllum demersum L. was reported as high, but
the medium-term (5 weeks) average uptake was found to
be relatively low (Lombardo & Cooke, 2003). Similarly, we
observed dramatic reductions of orthophosphate uptake
(mg/L) by Lemna minor L., Ceratophyllum demersum L.,
Potamogeton pectinatus L., and Cladophora glomerata
(L.) Kützing species between the initial measurement
and the first day’s measurement (Figure 3). The decay
of these plants due to adaptation problems decreased
orthophosphate uptake in the following days.
Regarding
orthophosphate
uptake
efficiency,
Cladophora glomerata (L.) Kützing, Potamogeton pectinatus
L., Typha domingensis Pers., and Nasturtium officinale
R.Br. were placed in the second-ranked group in this study
(Table 3; Figure 3). The capacities for phosphorus uptake
of these species have also been reported in some earlier
research. For instance, the absolute maximum phosphorus

uptake rate for Cladophora glomerata (L.) Kützing was
reported as 4.5% P/day, and values for the half-saturation
constant for uptake varied with internal phosphorus pool
size and ranged between 30 and 250 µg/L (Auer & Canale,
1982). According to Gumbricht (1993), the weekly mean
reduction of Cladophora glomerata (L.) Kützing was 62%
of phosphorus, which is equivalent to a specific mean daily
reduction of 0.04 g/m2. Harvested biomass of Cladophora
glomerata (L.) Kützing contained approximately 20% of
removed phosphorus (Gumbricht, 1993). A conducted
study using 32P tracer showed that of a provided input of
P to the water, 32% went to large epiphytic algae, 17% to
the Potamogeton pectinatus L., 16% to the benthic fauna
(mostly filter-feeding bivalves), and 28% to the sediments
(almost all incorporated in the top 1 cm), and the remaining
7% was adsorbed on to, or absorbed by, microorganisms
associated with detritus (Howard-Williams & Allanson,
1981). Consequently, dense, submerged macrophyte
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beds with their associated epiphytic algae (Potamogeton
pectinatus L.) may in some areas be beneficial nutrient
filters (Howard-Williams, 1981). Phosphorus use
efficiency of Typha domingensis Pers. at 10 and 40 µg/L
phosphorus concentrations was found to be 1134 and 482
g/L dry weight phosphorus, respectively (Lorenzen et al.,
2001). Vincent and Downes (1980) observed large seasonal
variation in the removal of phosphate from a small stream
(flow rate: 0.071–0.108 m3/s) entering Lake Taupo of North
Island, New Zealand. Loss of phosphate was found to be
greatest between mid-November and mid-February, the
time of maximum growth of Nasturtium officinale R.Br.
In situ root incubations with watercress demonstrated that
Typha domingensis Pers. is capable of removing phosphate
(Vincent & Downes, 1980).
Our study revealed that Myriophyllum spicatum L.
and Typha angustifolia L. also have orthophosphate
uptake potential. Compared to the species above, the
orthophosphate uptake potentials of Myriophyllum
spicatum L. and Typha angustifolia L. were found to
be lower and constituted the third and fourth groups,
respectively (Table 3). Myriophyllum spicatum L. has been
reported as a potentially important plant in the movement
of phosphorus from sediments to the water (Best &
Mantai, 1978; Smith & Adams, 1986). This species can
absorb considerable quantities of P from the sediment via
the root system and transport it to the shoot regions (Best
& Mantai, 1978; Smith & Adams, 1986; Barko & Smart,
2006). According to a study conducted in the littoral zone
of Lake Wingra, Wisconsin, USA, the total yearly uptake
of P of Myriophyllum spicatum L. was found to be 3.0 g/
m2, and root and shoot uptakes accounted for 2.2 g and 0.8
g, respectively (Smith & Adams, 1986). The net transfer
of P from the sediments to shoots was reported at about
2.0 g/m2 yearly, and release of this P during decay made
Myriophyllum spicatum L. an important source of P for
pelagic phytoplankton (Smith & Adams, 1986).
Typha angustifolia L. has been described as a very
easily grown plant that can quickly dominate a wetland
plant community and produce a monotypic stand
(Panich-Pat et al., 2004). Typha angustifolia L. has also
been reported as a suitable macrophyte for an artificial
wetland wastewater treatment system (Koottatep et al.,
2001, 2005). Phosphorus uptake of Typha angustifolia
L. was found to be significant in the South Nation River
Watershed in eastern Ontario, Canada (Gottschall et al.,
2007). Like Myriophyllum spicatum L., Typha angustifolia

L. holds the phosphorus in sediments by its rhizomes.
For this reason, holding less orthophosphate in aquarium
conditions might be misleading in demonstrating the
capacity of these plants. However, it has been thought that
Typha angustifolia L. has great phosphorus uptake capacity
in natural wetlands; therefore, it is the dominant species in
such areas. On the other hand, the phosphorus removal
efficiency level of this species has remained unclear in the
literature. In this respect, our study revealed some new
information about this species.
In conclusion, wetlands dominated by AV might
be powerful means for the reduction of contaminants.
However, the services of AV and its ecosystem value
have often been underestimated. Understanding the
basic functions of species is important in understanding
the economic value of wetlands. This study revealed
that Ceratophyllum demersum L., Cladophora glomerata
(L.) Kützing, Lemna minor L., Myriophyllum spicatum
L., Nasturtium officinale R.Br., Potamogeton pectinatus
L., Typha angustifolia L., and Typha domingensis Pers.
are the main AV species in the Lower Kelkit Basin of
Turkey. Among these species, Typha angustifolia L. and
Typha domingensis Pers. were discerned as dominant.
Our findings demonstrated that the studied wetland
significantly reduces orthophosphate and turbidity values
and can be utilised to purify polluted river water. Mean
daily orthophosphate and turbidity removal capacities of
the wetland were determined as 0.13 mg/L and 2.82 NTU,
respectively. Aquarium experiment results showed that
orthophosphate uptake efficiencies of the plant species
vary from 0.34 mg/L to 0.04 mg/L and that Lemna minor
L. and Ceratophyllum demersum L. are the most efficient
species. Considering orthophosphate uptake efficiencies,
Cladophora glomerata (L.) Kützing, Potamogeton
pectinatus L., Typha domingensis Pers., Nasturtium
officinale R.Br., Myriophyllum spicatum L., and Typha
angustifolia L. species followed Lemna minor L. and
Ceratophyllum demersum L. However, different adaptation
levels in aquarium conditions may not reflect species’
orthophosphate removal efficiencies in the field. For
instance, Myriophyllum spicatum L., Typha domingensis
Pers., and Typha angustifolia L. efficiently held phosphorus
in sediments by their rhizomes in field conditions, but
they did not show the same performance in aquarium
conditions. For this reason, holding less orthophosphate in
aquarium conditions might be misleading for determining
the capacity of these plants in field conditions.
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